Introduction

36
Aerosol particles play an important role in the atmosphere because of their 37 significant effects on air quality, visibility (Watson, 2002) , direct and indirect climate nuclei. The NPF events also exhibits a regular seasonal variation (Wu et al., 2007) .
73
Studying the characteristics and mechanisms of NPF will help to further understand 
Methodology
97
The observations took place at the Yanqi Lake campus of the University of The particle number size distributions of the aerosols between 11.1 and 1083.3 113 nm was measured every 7 mins using a scanning mobility particle sizer (SMPS,
114
Grimm Aerosol Technik Gmbh, Germany, Model 5.400), which consists of an The ambient aerosols were dried to a RH below 20% using a Nafion drier 
147
The meteorological parameters, including wind speed and direction, temperature, The SO 2 concentration tended to increase as the nucleation mode particles, which particles were then quickly restored to a very low level after the episode.
288
Five NPF events were observed but more likely to occur in the midday (from 289 12:00 h), with no significant increase in particle size, which may be related to the To further understand the variation of particle number size distributions under 326 different stages of hazes, pollution conditions were into three categories: 1)
327
PM 2.5 <50μgm -3 , 2) 50≤PM 2.5 ≤100μgm -3 , and 3) PM 2.5 >l00μgm -3 , representing three 328 stages of the haze evolution processes -pre-haze (clean), haze formation, and haze, 329 respectively. Statistical variations of particle number size distributions of aerosols in 330 the summer and the winter under different pollution conditions is shown in Figure 9 .
331
There is a shift in size distribution towards larger sizes when haze intensifies, which 332 was also observed in Shaihai (Wang et al., 2014b 
349
.
350
During the pre-haze stage (before haze formation), mean particle number size 351 distributions showed a unimodal distribution, with a peak of about 60 nm, in the 352 summer but about 40 nm in the winter. Accumulation mode particles contributed 23%
353
to total particle numbers in the summer, while only 15% in the winter, which was 354 possibly due to the regional transport from the southwest pathway during the summer.
355
Particles in the summer and winter haze formation stages showed a bimodal 356 distribution, with peaks at ca. 50 nm and ca. 100 nm, respectively. The difference was 357 that the primary peak is about 50 nm in the summer but 100 nm in the winter. In the 358 winter haze formation stage, the primary peak concentration was similar to that of 359 summer, but that of the primary peak in the winter (around 50 nm) was 48% higher 360 than in the summer.
361
The distribution of particle concentration during the haze events in the summer 362 was unimodal, with a peak between 100 and 200 nm. In contrast, it showed a bimodal 363 distribution during the winter hazes, with one of the peaks at 100 and 200 nm, similar 364 to that in the summer, and an additional peak at ca. 50 nm. significantly when the haze started to form. The varieties of particle concentration in 
402
The northern region of the observation site is mountain and forest, with limited human 403 activities, while the southern side is in the urban area of Beijing and Hebei province.
404
As a result, a large number of particles from Beijing and Hebei can be transported to 405 the site under the southerly wind. In contrast, a sustained northerly wind may dilute 406 the local particle pollution. Overall, the total concentration of particles in the summer was significantly 414 lower than that in the winter, especially when the wind is from the northeast and 
421
The heights of the mixing layer in the summer has a stronger effect on the The concentration of Aitken mode particles in the winter was higher primarily 447 when the wind speed is low. It was significantly higher when the wind is from the east, During the summer campaign, the trajectory of cluster 3 from SW accounted for 477 the largest proportion of all trajectories (51%), which was followed by the NW cluster 478 1 (25%), N cluster 2 (12%) and NE cluster 4 (11%). The trajectory clusters are 479 dominated by cluster 1 and cluster 4 (NW), accounting for 32% and 25% in the winter.
480
Cluster 2 (N) and cluster 3 (SW) accounted for the remainder (19 and 23%, 481 respectively).
482 Figure 13 shows that the peak size of particle number size distributions during The Aitken mode and accumulation mode particles in cluster 1 during summer 491 had the highest number concentrations (6.3×10 3 cm -3 and 4.0×10 3 cm -3 , respectively).
492
In contrast, trajectory cluster 2 had the highest number concentration of nucleation 
500
The peak size of particle number size distributions during winter was 110 nm, 
Summary and conclusions
527
The particle number size distribution of aerosols (11.1 to 1083. 
